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responsibility ofAbstract Single wire devices are generally fabricated to study the electrical and photoelectric behaviors
of semiconductor nanowires (NWs); however detriment or contamination can hardly be avoided during
manipulation of NWs under focused ion and electron beams. This could not be a trivial factor for III-V
NWs which are candidates for high efﬁciency solar energy harvesting and sensitive photodetection. In this
study an alternative way to probe the photoconductive property of individual epitaxial GaAs NWs is
presented. For the sample preparation, a uniform spin-coated layer of polymer was selected to be the
supporting medium for the vertically aligned NWs structure; then the adequate thinning and polishing of
the sample exposed the NW tip and also achieved the required height of NW. An external power
adjustable laser was introduced as the excitation source, and the dark and photoconductive current-
voltage properties of individual NW were measured by the conductive atomic force microscopy. The
typical Schottky style photoconductive behavior was observed in the vertically aligned GaAs NW, and its
photoresponsivity has been found to be much higher than that of the reported for single NW
photodetector. Finally, a numerical model based on the experimental setup was established to simulate
the photoelectric behavior of individual NW. The minority hole lifetime has been found to dominate the
photoconductive current-voltage properties of NW under the positive sample bias, and can be derived
from the quantitative ﬁtting of experimental photo-IV curves.
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1. Introduction
In recent years, much efforts have been performed on the
application of semiconductor NWs in the electric and photo-
electric devices. Of paticular interest are the NW based
photodetectors [1–3] and solar cells [4–7]. ‘‘Single NW’’ issting by Elsevier B.V. All rights reserved.
H. Xia et al.86the preferred structure, since it provides an oportunity to
detect the unique electric, photoelectric properties and carrier
dynamics of NW [4–6,8]. However, the fabrication process of
single NW device is complicated and the inevitable focused ion
or electron beams etching is likely to introduce additional
detriment or contamination to the NW [9].
In this work, we apply a simple process to embed the epitaxial
NW arrays nondestructively, based on which the electric and
photoelectric behavior of individual NW can be obtained by
conductive atomic force microscopy (C-AFM). It should note
that this process will also be compatible to the fabrication of NW
arrays devices. It has been found that the observed photore-
sponsivity of vertically aligned GaAs NW was 2 orders higher
than that of the reported GaAs single NW device. The higher
photoelectric conversion effeciency of nanowire array is believed
to be responsible for this ﬁnding. A numerial model is established
to simulate the photoconductive behavior of individual NW.
According to the calculation, the minority hole lifetime dom-
inates the photoconductive current-voltage properties of NW
under the positive sample bias, and can be derived from the
quantitative ﬁtting of experimental photo-IV curves.2. Experimental details
2.1. Sample preparation
GaAs NWs were grown on GaAs (111)B substrate by Au-
catalyst MBE (Riber 32 MBE system). In the growth proce-
dure, a nominally 4 1018 cm3 doped buffer layer of 200–
300 nm was ﬁrst deposited to ensure the bottom electrical
contact of NWs. This was followed by the thermal evapora-
tion of a thin Au ﬁlm, during which the temperature of Au
source was 1100 1C and the duration was 10 s. Then an
annealing process at 600 1C for 5 min was taken to form the
Au-Ga nano-particle arrays on the surface. After that, the
growth of GaAs NWs was started at 500 1C in a V/III ﬂux
ratio of 20:1 and lasted for 2 hours. The morphology of GaAs
NWs is shown in Fig. 1.
As shown in Fig. 1(a), the GaAs NWs are typically 5–7 mm in
height and 80–120 nm in diameter. In order to form a dense
supporting layer for the NW array, we adopted the conventional
spin-coating process, and different spin-coated material and
conditions have been tested. As shown in Fig. 1(b), GaAs
NWs are fully skew and breaken at the bottom after spin-
coated with polimide and polished, the ﬂow of polimide in the
cure process should be responsible for this. In contrast, by spin-
coated with PMMA at 4000 rpm for 30 s and baking in the oven
for half an hour, GaAs NWs will be densely embedded as shown
in Fig. 1(c). The structure is robust enough to sustain the
polishing process. As shown in Fig. 1(d), NWs still keep their
original vertically aligned status and no break off is found. The
viscosity and curing characteristics of spin-coated material are
believed to play the important roles in the whole process, this
could be the reference for the fabrication of NW array devices.2.2. Photoconductive characterization of individual GaAs NW
The schematic experimental setup of photoconductive mea-
surement on individual NWs and schematic band alignment of
individual NW are shown in Fig. 2.As sketched in Fig. 2(a), the photoelectric property of
individual NWs was measured by introducing laser light at
808 nm to the tip engaged area in conductive-AFM. The
conductance difference between NWs and PMMA helps the
conductive AFM probe address the individual NW. During
the measurement, the AFM probe was pressed on the NW tip
to form the top Schottky contact, the corresponding band
alignment is schematic shown in Fig. 2(b). The bias voltage
was applied to the bottom electrode of a sample, while the
AFM probe was kept at virtual ground.
Fig. 3 shows the typical photoconductive IV curves of
individual GaAs NWs, the rectifying properties both in dark
and under illumination comes from the AFM probe-NW
Schottky contact.
Considering that the diameter of GaAs NW and laser spot
is 100 nm and 4–5 mm respectively; the net photocurrent at
6 V and 770 mW is 0.50–0.75 nA, the calculated photorespon-
sivity of individual GaAs NW is 2 orders higher than the
reported value of single GaAs NW photodetector [10].
Actually it results from the nondestructively supporting of
NWs with PMMA and the light-trapping effect of vertically
aligned NW arrays [11,12].3. Numerical simulation
In order to clarify the carrier dynamics of GaAs NW, a two-
dimentional numerical model is established based on the
experimental setup with SENTAURUS TCAD. The drift-
diffusion transport model is adopted to calculate the distribu-
tions of electric potential and current density in NW by
solving the coupled Poisson, electron and hole continuity
equations.
rerc¼qðpnþNDþNA Þ ð1Þ
Jn
-
¼nqmnrfn ð2Þ
Jp
-
¼pqmprfp ð3Þ
where q is the elementary electronic charge, c is the electric
potential, e is the electrical permittivity, n and p are the
electron and hole densities, NDþ is the number of ionized
donors, NA is the number of ionized acceptors, Jn
-
, Jp
-
, mn, mp,
fn and fpare the current densities, mobilities and quasi-Fermi
potentials of electrons and holes. The impurity is assumed to
be fully ionized. Taking into account the experimental low
doping and photo-injection level of NW, the Boltzmann
statistics are assumed and the electron and hole concentrations
can be computed from the electron and hole quasi-Fermi
potentials.
n¼NCexp
EFnEC
kT
 
ð4Þ
p¼NVexp
EVEFp
kT
 
ð5Þ
where NCand NVare the effective density of states, EFn ¼qfn
and EFp ¼qfpare the quasi-Fermi energies for electrons and
holes. SRH model is introduced to calculate the recombina-
tion of electrons and holes [13]. For the impact of surface
effect on NW’s carrier lifetime, which has been reported by the
Fig. 2 (a) Schematic experimental setup of photoconductive measurement on individual NWs and (b) schematic band alignment of
individual NW.
Fig. 3 Photoconductive I–V curves of individual NWs under
illumination of different intensities.
Fig. 1 (a) 301 SEM image of Au-catalyst MBE grown GaAs NWs; (b) Sectional SEM image of NW sample after it is coated with
polyimide and polished; (c) 301 SEM image of NW sample after it is coated with PMMA and (d) sectional SEM image of NW sample
after it is coated with PMMA and polished.
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recombination lifetime.
It is well known that under the reverse biased condition, the
minority carrier diffusion current plays a leading role in the
photoconductive properties of the junction based photodetec-
tors. In this work, the positive sample bias responds to the
reverse-bias condition of NW’s top Schottky contact, thus the
minority hole lifetime of NW will have a signiﬁcant impact on
its photo-IV curves. This relevance between the photo-IV
curve and the minority carrier lifetime has been demonstrated
in our simulation, based on which the minority hole lifetime of
single NW can be derived by quantitatively ﬁtting the experi-
mental photo-IV curves as shown in Fig. 4.4. Conclusion
A simple process is applied to embed the NW arrays nondestruc-
tively, based on which the photoconductive measurements of
Fig. 4 Experimental and simulated photoconductive I–V curves
of GaAs NW. The black scatter line represents the experimental
results, and the red solid line represents the simulated result with
hole lifetime set as 73 ps.
H. Xia et al.88individual NWs by conductive AFM are realized. Meanwhile this
process is also compatable to the fabrication of NW array devices.
The photoresponsivity of vertically aligned GaAs NW is found to
be much higher than that reported of single NW photodetector.
This may comes from the light trapping effect of vertically aligned
NW array, in which the photoelectric coupling among NWs will
enhance the light absorption efﬁciency. According to the simula-
tion, the minority hole lifetime is found to dominate the
photocurrent–voltage characteristics of GaAs NW. Finally, the
method of deriving NW’s minority hole lifetime is established
based on the quantitatively ﬁtting of the experimental photo-IV
curves.
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